A consecutive series of 30 cases of extracranial medulloblastoma metastases in adults is analysed. The majority of the patients were males with a 3:1 male/female ratio. Bone was the most frequent site of metastases in adults (77%) and children (78%), followed by lymph nodes (33%) in both children and adults. Lung metastases were more common in adults (17%), but liver metastases occurred more frequently in children (15%). Case report A 33 year old male presented with severe headache and vomiting. On physical examination, he showed bilateral papilloedema and severe ataxia and incoordination. Brain computerised tomography (CT) demonstrated a large mass, 5 cm in diameter, in the vermis and right cerebellar lobe. Suboccipital craniotomy was performed and a large, soft greyish cerebellar tumour, extending into the roof of the fourth ventricle, was totally excised. The tumour was found to be a medulloblastoma. A post-operative CT scan did not reveal any residual tumour. The patient subsequently received radiation therapy: whole brain-3600 RAD, posterior fossa-5200 RAD, total spine-3000 RAD. On discharge, the patient had no neurological deficit and remained symptomless.
male/female ratio. Bone was the most frequent site of metastases in adults (77%) and children (78%), followed by lymph nodes (33%) in both children and adults. Lung metastases were more common in adults (17%), but liver metastases occurred more frequently in children (15%). Possible routes of spread and development of metastases are discussed, with special emphasis on the role of shunts in tumour seeding. Distant extracranial metastatic spread of medulloblastoma occurs at the rate of 7-1%. Mean interval between operation of the primary tumour and the discovery of metastases was shorter in children (20 months) than in adults (36 months) . Survival after the discovery of metastases was also shorter in children (5 months) than in adults (9 5 
months).
Shunts were associated with an earlier appearance of metastases and with a poorer prognosis. A detailed review of the literature of 119 cases of medulloblastoma with extracranial metastases is provided.
Reports of primary central nervous system tumours with distant metastatic spread first appeared in 1886' and 1889.2 These, as well as succeeding cases, concerned meningeal tumours and it was only in 1936 that Nelson3 reported the first well-documented case of metastases outside the central nervous system in a patient with cerebellar medulloblastoma. In 1961 Paterson4 was the first to publish a series of 35 cases of medulloblastoma, seven of which displayed extracranial metastases. Subsequently, several other series of medulloblastoma with extracranial metastases were published (table 1), as well as numerous single case reports. Most reports to date have involved children, adult cases apparently being much rarer. The present investigation offers a comprehensive survey of the literature on extracranial metastases of medulloblastoma in adults and also an additional case report that provided the stimulus for our review of this rare phenomenon.
Case report A 33 year old male presented with severe headache and vomiting. On physical examination, he showed bilateral papilloedema and severe ataxia and incoordination. Brain computerised tomography (CT) demonstrated a large mass, 5 cm in diameter, in the vermis and right cerebellar lobe. Suboccipital craniotomy was performed and a large, soft greyish cerebellar tumour, extending into the roof of the fourth ventricle, was totally excised. The tumour was found to be a medulloblastoma. A post-operative CT scan did not reveal any residual tumour. The patient subsequently received radiation therapy: whole brain-3600 RAD, posterior fossa-5200 RAD, total spine-3000 RAD. On discharge, the patient had no neurological deficit and remained symptomless.
Twenty one months after corrective surgery, however, low back pain and micturition difficulties appeared, and within two weeks, urinary retention developed, with paraparesis and loss of sphincter control. Myelography showed a partial block at T7 and a complete block at T3, with multiple intradural lesions along the dural sac. CT scan revealed a hypodense area in the roof of the fourth ventricle, containing a discrete area with some contrast enhancement. Bone radio-isotope scan showed increased absorption in thoracic vertebrae TI-TIo, in most ribs, and in the sternum, pelvis and both femurs. Liver radioisotope scan revealed several foci of increased absorption, and a chest radiograph demonstrated multiple pulmonary metastases. Bone marrow biopsy revealed an infiltration of numerous tumour cells diagnosed as medulloblastoma, with large areas of necrosis and fibrosis. The patient received a course of radiation therapy and a course of C-MOPP. However, his condition gradually deteriorated and he died two months later.
To the best of our knowledge, although questions of incidence of extracranial metastases of medulloblastoma, location, mode of spread and survival have been discussed in previous reviews, none of them have separately discussed the problem of extracranial metastases of medulloblastoma in adults.
Results and comments
In 1930 Bailley5 demonstrated that medulloblastomas tended to seed along cerebrospinal fluid (CSF) pathways, and in the same year Wohlvill6 was the first to draw attention to the occurrence of systemic metastasis of a medulloblastoma. Since then, metastases within the central nervous system have been found in one third to one half of cases Location of metastases where a careful search of the brain, spinal cord Bone was the most frequent site for extracranial and nerve roots was carried out.79 Metastases metastases, both in adults (77% ofcases) and in outside the craniospinal axis, however, are children (78%). Lymph node metastases were much rarer, their overall incidence comprising second in frequency, with an incidence of 33% 7-1% (table 1) . in both adults and children. In third place in adults, were the lungs (17%), followed by Age and sex distribution muscle (13%) and liver (10%). In children, In searching the literature, 119 cases of however, liver metastases were more frequent medulloblastoma with extracranial metastases (15 %) and lung metastases less frequent (1 1 %) were found, 89 (75%) of which were in chil-than in adults (17%), while muscle was a rare dren,818 20 2-2527-55 and 30 (25%) in persons target (2%) of metastatic spread (table 3). In aged 17 or older (table 2). The age range of both adults and children, the lesions usually afflicted adults was between 17 and 46 years, involved the axial skeleton, the pelvic and with a mean of 25 for both males and females. A shoulder girdle and adjacent ends of long marked overall male predominance is evident bones, the ribs and the skull. Occasionally, from the literature, with a 3:1 male/female there was periosteal new bone formation. ratio, but for medulloblastoma in adult patients Metastases which initiated reactive new bone without extracranial metastases, the male/ formation were well visualised radiofemale ratio was 2:1 . 31 graphically.63 An unusual coupling of leukoWhen compared with extracranial meta-erythroblastic anaemia with diffuse osteostases of astrocytomas and glioblastomas,69 it sclerosis was reported in a 25 year old man.' was found that metastases occurred mainly in
The liver was the most frequent site of adults (63 cases or 88%). In our study of metastases (13%) of the abdominal viscera in extracranial metastases of medulloblastoma, adults and children. Several cases, however, the percentage of adult cases was only 25%.
showed extensive deposits in other abdominal Skeleton  69  78  23  77  Lymph nodes  29  33  10  33  Lung  10  11  5  17  Liver  13  15  3  10  Muscle  2  2  4  13  Other  28  32  6  20 organs such as the pancreas (4%). Additional sites occasionally involved were kidneys (2%), ureters (1%), testes (2%), ovaries (1%), breast (1 %) and thymus (1%). It is interesting that no tumour deposits have ever been found in the adrenals, a fact first noted by Smith et al 42 in their small-scale study (eight cases) of extracranial medulloblastoma metastasis, and also clearly borne out in the present survey of 1 19 cases. Among the neuroectodermal tumours which gave rise to extracranial metastases, medulloblastoma is second in frequency, the first being glioblastoma multiforme.3245370 Although the most common childhood brain tumour to spread outside the central nervous system is medulloblastoma," the extracranial metastases of glioblastoma have a different pattern of spread, from those of medulloblastoma (table 4) . Thus bone metastases being by far the most common with medulloblastoma (78%), occur in only 30% of cases with metastatic glioblastoma and astrocytoma.69 Conversely, the lung is the most frequent site of spread of glioblastoma and astrocytoma (60%), but is much less frequently affected in medulloblastoma (13%). Lymph node metastases have approximately the same high frequency in both primary tumours, glioblastoma (51 %) and medulloblastoma (33%). The liver is less frequently involved in medulloblastoma (13%) than in glioblastoma (22%). In our survey of 89 cases of extracranial medulloblastoma metastases in children, the most frequent sites were bone (78%), lymph nodes (33%), liver (15%) and lung (11%) (table 3). In children with other types of intracranial tumours, the most common sites were: lung (79%), lymph nodes (39%) and bone (25 %).24
Routes of spread It is interesting to speculate on the routes whereby medulloblastoma cells reach distant sites. Direct lymphatic spread is impossible, because true lymphatics are not present in the central nervous system. However, the lymph nodes may become secondarily involved by spread from an extranodal metastatic deposit. It is also possible that spread of tumour Extravasation and development of metastases The first step in the metastatic process is that the primary tumour mass must generate variant cells that can break away, penetrate the surrounding stromal tissue, and make their way into the circulation.73 After they invade the blood vessels, single tumour cells or multicell emboli circulate and eventually reach the capillary bed of distant organs, where they are arrested. Interactions of metastatic cells with the microvasculature evoke inflammatory responses that provide sources of enzymes and could enhance extravasation of tumour cells into the organ parenchyma. After metastatic cells extravasate into the organ parenchyma, they must proliferate in order to give rise to secondary lesions.7s76 However, in vitro studies indicate that variation in the surface properties of endothelial cells from different target organs may partially account for differences in the binding of circulating cancer cells, which leads to organ preference in metastatic localisation.77 Table 5 lists all reported cases of extracranial metastases of medulloblastoma with site of location in patients that had had a shunt procedure. A shunt seems to be associated with a significantly earlier appearance of extracranial metastases in both children and adults, and with a poorer prognosis in children (table 6) . Thus in children without a shunt, metastases are discovered after a mean interval of 24 months from the first operation, whereas in children with a shunt, this interval diminished to 13 months. In adults, the mean disease duration until the detection of extracranial 
